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The  subject  of  this  work  concerns  the  problems  related 
to  the  application  of  injection  lasers  to  the  construction 
of  opto- electronic  memory  of  the  ROM  type.  The  main  optical 
requirements  for  lasers  and  holograms  used  for  this  purpose 
are  analysed.  The  analysis  is  supported  by  appropriate  cal¬ 
culations  and  experimental  data. 

1.  INTRODUCTION 

Studies  directed  to  the  construction  of  permanent  holo¬ 
graphic  memory  of  the  ROM  (read-only  memory)  type  have  accel¬ 
erated  recently.  Many  specialists  believe  that  opto-elec- 
tronic  memory  will  replace  the  existing  or  currently  studied 
other  types  of  memory  of  the  ROM  type  [1-4],  The  holographic 
memory  record  has  many  important  advantages  over  other  types 
of  recording.  The  holographic  record  has  interference  char¬ 
acter.  Thus  the  information  is  distributed  over  the  entire 
surface  of  the  hologram,  which  assures  high  reliability  of 
its  storage.  In  addition,  the  same  surface  undergoing  mul¬ 
tiple  exposure  can  store  a  large  number  of  holograms.  Holo¬ 
graphic  memory  can  be  endowed  with  functions  of  information 

1Article  based  on  the  lecture  given  by  the  author  at  the 
seminar  "Semiconductor  lasers'',  organized  by  the  Physics 
Institute  of  PAN  on  Sept.  26,  1977  in  Warsaw. 
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processing  [5-6]. 


Holographic  memory  devices  with  free  choice  and  block 
organization  of  the  information  contain  the  following  basic 
subunits:  laser,  deflection  system,  hologram  matrix  and 
photodetector  matrix.  Each  block  of  information  is  recorded 
on  a  separate  hologram.  The  laser  radiation  is  directed  on¬ 
to  any  hologram  using  a  fast-acting  deflection  system.  Dur¬ 
ing  illumination  of  a  given  hologram  by  a  laser  beam,  the 
cards  with  information  recorded  in  the  form  of  a  collection 
of  light  and  dark  points  are  projected  onto  a  matrix  of 
photodetectors  transforming  the  signals  of  light  into  elec¬ 
tric  pulses.  The  content  of  all  holograms  is  projected  onto 
the  same  matrix  of  photodetectors,  so  that  a  single  set  of 
photodetectors  is  sufficient  for  reading  all  the  holograms. 

Fig.  1  represents  a  diagram  of  a  holographic  memory 
device.  Sources  of  radiation  are  usually  helium-neon  lasers, 
while  beam  deflection  is  achieved  by  electro-optical  or  acous¬ 
tic-optical  deflectors. 

A  serious  disadvantage  of  helium-neon  lasers  is  their 
low  efficiency,  reaching  about  0.1%.  In  addition,  the  large 
size  of  these  lasers  and  the  necessity  of  using  high  voltages 
for  their  charging  make  it  more  difficult  to  construct  minia¬ 
turized  optical  memories. 

A  new  and  very  promising  concept  is  the  application  of 
coupled  lasers  as  the  source  of  radiation  for  holographic 
memory  [1,  7,  8].  High  efficiency,  ranging  from  10  to  50%, 
small  size  of  the  coupled  laser,  simplicity  of  charging  and 
small  inertia  make  it  an  almost  ideal  source  of  radiation  for 
holographic  memory.  The  possibility  of  generating  matrices 
of  integrated  bands  of  coupled  lasers  leads  to  a  significant 
simplification  of  the  beam  deflection  system. 
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Pig.  1.  Idealized  diagram  of  holographic  memory  device. 
1-laser,  2-deflector,  3-matrix  of  holograms,  M-matrix  of 
photodetectors. 

A  coupled  laser  has  many  properties  distinguishing  it 
from  solid-state  lasers  and  gas  lasers.  When  the  excitation 
is  carried  out  by  currents  much  stronger  than  the  threshold 
value,  the  radiation  has  a  multi-mode  character.  A  char¬ 
acteristic  property  of  coupled  lasers  is  the  considerable 
difference  between  the  dimensions  of  the  active  area  along 
the  coupling  and  across  it. 

If  the  active  area  has  a  width  greater  than  30-40ym, 
there  are  generated  in  it  separate  fibers  of  radiation  of 
10-20um  width.  Emission  of  radiation  from  individual  fibers 
is  independent. 

We  will  now  discuss  the  results  of  a  series  of  studies 
on  the  effects  of  time  and  spatial  coherence  of  radiation  of 
coupled  lasers  on  the  quality  of  the  image  reproduced  from 
holograms. 

2.  TIME  AND  SPATIAL  COHERENCE  OF  RADIATION  OF  COUPLED  LASERS. 

The  spatial  coherence  of  radiation  of  semiconductor 
lasers  in  the  far  range  is  related  to  the  modal  structure 
and  the  distribution  of  the  energy  of  radiation  field  •■on  the 
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output  mirror.  The  spatial  coherence  depends  strongly  on 
the  structure  of  transverse  modes,  but  is  practically  indep¬ 
endent  of  the  type  of  laser  operation  (continuous  or  pulse 
operation).  Pig.  2.  shows  the  dependence  of  the  modulus  of 
the  spatial  coherence  function  of  radiation  on  angular  dis¬ 
tance  between  the  points  on  the  surface  of  the  front  of  rad¬ 
iation  wave  under  study,  the  radiation  being  emitted  by  a  /751 

semiconductor  laser  for  various  pumping  currents. 


Pig.  2.  Dependence  of  the  modulus  of  spatial  coherence 
function  on  angular  distance  between  points. 

Curve  1  corresponds  to  the  direction  perpendicular  to  the 
coupling  p-n,  curves  2  and  3  -  to  the  direction  parallel  to 
the  coupling.  For  curve  2  the  pumping  current  is  greater  by 
30%  than  the  threshold  value,  and  for  curve  3  -  by  50%. 

In  the  case  of  single-mode  operation  the  spatial  coher¬ 
ence  remains  constant  within  the  limits  of  the  measurement 
in  both  planes  -  parallel  and  perpendicular  to  the  plane  of 
the  coupling.  An  Increase  in  pumping  current  and  transition 
of  laser  operation  to  multi-mode  operation  does  not  alter 
the  coherence  in  the  long  range  in  the  plane  perpendicular 
to  the  coupling,  but  the  coherence  in  the  parallel  plane  is 
significantly  worsened. 

In  the  first  approximation,  the  wide  coupling  p-n  can  be 
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identified  with  a  heat  source  with  transverse  dimensions 
equal  to  the  length  of  the  coupling.  An  increase  of  spatial 
coherence  in  the  direction  parallel  to  the  coupling  can  be 
achieved  by  decreasing  its  transverse  dimensions  or  by  iso¬ 
lating  individual  radiation  fibers. 


Fig .  3.  Spatial  and  time  coherence  of  pulse  radiation  of  a 
coupled  laser  operating  at  room  temperature  [9]. 

When  the  threshold  current  is  exceeded  by  5-10%,  or  •.  /752 

more,  coupled  lasers  go  into  multi-mode  operation.  The  width 

o 

of  radiation  spectrum  is  then  10-30  A,  which  corresponds  to 
a  coherence  path  of  only  several  hundreds  of  microns. 

Fig.  3  .  shows  the  absolute  values  of  the  spatial  and 
time  coherence  function  for  the  radiation  of  coupled  pulse 
laser  operating  at  room  temperature  [9]-  Curves  1-*J  corre¬ 
spond  to  currents  exceeding  the  threshold  value  by  5,  30, 

75  and  250%,  respectively.  From  a  comparison  of  the  curves 
it  can  be  seen  that  coherence  and  radiation  of  coupled  lasers 
depend  strongly  on  the  pumping  current.  The  area  of  the  laser 
from  which  coherent  radiation  is  emitted  and  the  length  of 
coherence  path  are  decreased  with  increased  pumping  current. 
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3.  REPRODUCTION  OF  HOLOGRAMS  USING  SEMICONDUCTOR  LASERS. 


The  effect  of  partial  coherence  of  radiation  from  coup¬ 
led  lasers  on  the  quality  of  the  image  reproduced  from  a 
hologram  has  been  studied  theoretically  as  well  as  experi¬ 
mentally. 


The  theoretical  analysis  is  based  on  the  wave  equation 
for  reciprocal  coherence  function.  When  the  illumination  of 
the  hologram  is  uniform,  the  distribution  of  image  intensity 

p 

along  the  x-axis  is  given  by  the  following  formula  : 


Fig.  4.  Distribution  of  image  intensity  of  a  point  depending 
on  the  degree  of  spatial  coherence.  Curves  a,b,c,d  were  ob¬ 
tained  by  assuming  the  value  p  equal  to  1,2,3,  and  4,  respec¬ 
tively  [10].  0 

- 

The  symbols  appearing  in  this  formula  represent  the  following: 
IQ  -  the  intensity  of  the  source,  zQ  -  distance  from  the  source 

to  the  hologram.  The  author  used  the  notation  accepted  in 
diffraction  theory: 


sincx  *  3^— 
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a 

where  ^“JeTT  a  "  diameter  of  the  hologram,  P  -  distance 
of  the  source  from  the  hologram,  0  -  angle  of  spatial  coher¬ 
ence.  The  quantity  0r  is  the  ratio  of  the  angular  dimensions 
of  the  hologram  to  the  angle  of  spatial  coherence  [10]. 

Fig.  4.  shows  the  value  of  the  integral  which  appears  in 
the  formula  above  for  various  angular  dimensions  of  the 
source.  The  axis  corresponds  to  the  intensity  and  the  unit¬ 
less  quantity  ax/AzQ.  The  value  Po=0  corresponds  to  the 
limiting  case  of  completely  spatially  coherent  radiation.  The 
image  of  the  point  is  in  this  case  the  same  as  the  diffraction 
image.  For  p  *1  (curve  a)  the  degree  of  reciprocal  coherence 
for  a  pair  of  points  located  at  the  center  and  at  the  edge  of 
the  hologram  equals  zero.  For  pQ>l  the  dimensions  of  the 
image  are  inversely  proportional  to  the  angle  of  spatial 
coherence.  It  follows  that  if  the  angular  dimensions  of  the 
source  exceed  the  value  of  the  diffraction  angle  of  the  holo¬ 
gram,  then  the  size  of  the  image  begins  to  depend  on  the  size 
of  the  source. 
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Fig.  5.  shows  the  experimental  curves  which  illustrate 
the  dependence  of  altering  the  angular  dimensions  of  a  point 
in  the  image  reproduced  on  the  width  of  active  area  (along 
the  p-n  coupling).  Curves  1-4  were  obtained  for  different 
focal  lengths  of  the  lens  used  in  reproduction.  The  distance 
of  the  hologram  from  the  image  was  constant.  The  decrease 
in  the  dimensions  of  point  images  with  the  altering  width  of 
active  area  is  limited  by  factors  such  as  diffraction  on  the 
hologram  aperture  and  the  spectral  width  of  reproducing  rad¬ 
iation.  On  the  right  hand  side  of  the  same  figure  we  show  /754 

-3 

fragments  of  the  image  of  lCr  points  from  a  hologram  with  a 
diameter  of  1  mm.  The  signal/noise  ratio  for  light  and  dark 
points  in  the  image  reproduced  reached  20-30.  The  width  of 
active  area  in  the  series  of  photographs  from  the  lowermost 
to  the  top  was  20,  40,  60,  and  80pm,  respectively.  The  widen¬ 
ing  of  a  point  image  in  the  direction  perpendicular  to  the 
coupling  p-n  is  small,  since  the  thickness  of  active  area  was 
only  l-3um  [11]. 

An  evaluation  of  the  effect  of  spectrum  width  of  coupled 
laser  radiation  on  the  quality  of  image  reproduction  can  be 
carried  out  based  on  the  approximate  formula  for  angular 
dimensions  of  a  "point": 

r  * 2  i  [' + tt*(t  +”"*)]• 

The  first  term  of  this  expression  corresponds  to  the  dimen¬ 
sions  of  the  point  which  follow  from  diffraction  on  the  holo¬ 
gram  aperture,  the  second  describes  the  magnification  of  the 
point  related  to  the  spectral  radiation  width.  It  can  be 
seen  that  the  decisive  factor  is  the  ratio  of  the  difference 
of  the  paths  of  two  extreme  rays  interfering  with  each  other 
and  creating  the  image  of  a  point,  to  the  length  of  radiation 
coherence.  For  angle  0»15°  and  hologram  diameter  a*l  mm,  the 
dimensions  of  a  point  double  compared  to  its  diffraction  image 
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at  spectrum  width  equal  to  20A.  The  widening  of  the  image 
in  the  direction  perpendicular  to  interference  lines  is 
smaller  [10]. 


Taking  into  account  also  the  extent  of  the  source  such 
as  a  coupled  laser,  it  is  possible  to  estimate  the  angular 
dimensions  of  a  point  reproduced  from  a  hologram  using  the 
following  approximate  formula:  v  ,  2,44  *  +  cos 9+  -*(4.  +  sm£,\ 


Fig.  6.  Fragment  of  an  image  reproduced  using  a  coupled  laser 

4  p 

from  a  hologram  with  recording  density  of  10  bits/mm  . 


The  first  component  here  is  the  diffraction  image  of  a  point, 
while  the  second  is  related  to  the  extent  of  radiation  source 
The  width  of  p-n  coupling  is  denoted  by  d^.  As  follows  from 
this,  the  number  of  points  capable  of  being  reproduced  from  a 
hologram  with  diameter  a  using  a  coupled  laser  with  spectral 
line  width  AX  and  coupling  width  dx,  is  given  by  the  formula: 

N  m  -  .  4 - 

2,44  |  +'  +  *io0 
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where  A  is  the  relative  aperture  of  the  objective  used  during 
hologram  recording  (7). 


Fig.  6.  shows  a  fragment  of  an  image  with  the  number  of 
U 

points  equal  to  10  ,  reproduced  using  a  coupled  laser  from  a 
hologram  with  diameter  of  1  mm.  The  signal/noise  ratio  in 
the  image  is  greater  than  20.  The  width  of  active  area  of 
the  laser  used  was  2Qym,  the  focal  length  of  the  collimating 

O 

lens,  F=10  mm,  and  spectral  line  width  -  15A. 

4.  HOLOGRAM  GENERATION  USING  COUPLED  LASER  RADIATION. 

Up  to  now  we  have  considered  the  problem  of  hologram 
reproduction  using  the  radiation  of  coupled  lasers,  while  the 
holograms  were  obtained  using  a  helium-neon  laser.  Alter¬ 
ation  of  the  wavelength  of  the  source  which  reproduces  the 
hologram  causes  significant  worsening  of  image  quality  for 

large  holograms  because  of  aberration.  However,  if  the  holo- 

2 

gram  has  a  surface  of  the  order  of  1  mm  ,  the  aberration  is 
relatively  small  and  the  main  effect  related  to  the  change 
in  wavelength  reduces  to  a  change  in  spatial  location  of  the 
point . 

As  a  result  of  experimental  studies,  holograms  have  been 
generated  using  radiation  of  coupled  lasers.  The  holographic 
image  was  registered  in  plates  of  material  sensitive  to  infra¬ 
red,  optimized  for  wavelength  X=0.85um  emitted  by  a  semi- 

—6  2 

conductor  laser.  The  plates  had  a  sensitivity  of  10“  Vmm 
and  a  discriminating  capacity  at  least  1500  lines/mm.  Crea¬ 
tion  of  microholograms  using  coupled  lasers  with  small  spat¬ 
ial  and  time  radiation  coherence  is  possible  because  the 
difference  of  optical  paths  between  the  reference  beam  and  the 
terminal  element  of  the  plate  is  also  small  for  small  holo¬ 
grams.  Fig.  7.  shows  the  required  spatial  and  time  length  of 
coherence  necessary  for  recording  holograms.  It  can  be  seen  that 
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Fig.  7.  Diagram  of  hologram  record  and  the  requirements  im¬ 
posed  on  the  coherence  of  coupled  lasers  [9].  A1 

The  symbols  appearing  in  Fig.  7  denote  the  following:  it- 

length  of  time  coherence,  /illegible/  used  to  record  the 

hologram,  A1sp  -  length  of  spatial  coherence,  a-diameter  of 
hologram,  K-enlargement  of  optical  system. 


p 

generation  of  holograms  with  an  area  of  the  order  of  1  mm  is 
possible  even  when  meeting  extremely  stringent  requirements.  The 
lowering  of  the  density  of  recording  data,  resulting  from 

insufficient  spatial  coherence  can  be  avoided  by  an  appropri¬ 
ate  choice  of  optical  system  enlargement  during  collimation 
of  the  laser  beam.  The  basic  factor  limiting  the  density  of 
information  recording  is  therefore  the  degree  of  time  coher¬ 
ence.  Because  coupled  lasers  operating  at  room  temperature 
have  relatively  low  time  coherence,  it  is  necessary  to  equal¬ 
ize  carefully  the  optical  paths  during  hologram  generation. 

The  maximum  difference  of  these  paths  can  be  at  most 
10‘S  of  the  length  of  time  coherence. 


Fig.  8.  shows  a  photograph  of  an  actual  plate  image  con¬ 
taining  approximately  1000  elements,  recreated  on  the  basis 
of  a  hologram.  The  intensity  of  pumping  current  was  1.5  of 
the  threshold  value,  which  corresponded  to  the  length  of  spa¬ 
tial  coherence  of  170um  and  the  length  of  coherence  area  in 
the  coupling  p-n  of  l4ym.  The  average  radiation  energy  of  a 
copied  laser  required  to  generate  a  hologram  with  a  diameter 
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Fig.  8.  Photograph  of  the  image  of  a  holographic  plate 
recreated  on  the  basis  of  coherent  laser  [9]. 

-4 

of  1  mm  illumination  time  of  1  second  was  10  J.  The 
diffraction  selectivity  of  the  hologram  was  amounted  to  12%  and 
the  signal-to-noise  ratio  for  the  entire  area  of  the  image 
recreated  from  the  hologram  amounted  to  at  least  10  [9]. 

In  memory  systems  with  coupled  lasers  the  matrices  of 
holograms  are  often  produced  using  gas  lasers.  The  difference 
between  the  wavelengths  of  radiation  from  the  source  gener¬ 
ating  and  regenerating  the  hologram  causes  certain  shifts 
of  the  elements  of  the  images  regenerated  from  different  holo¬ 
grams.  This  results  In  limiting  to  some  extent  the  informa¬ 
tional  capacity  of  the  memory.  Therefore  calculations  were 
made  of  the  limit  capacity  of  opto-electronic  memory. 

Also,  the  optimal  values  of  parameters  for  which  maximum 
capacity  can  be  achieved  were  determined. 

The  calculations  conducted  Indicate  that  the  limit  capa¬ 
city  in  the  case  of  hologram  generation  using  He-Ne  laser 

7 

and  their  reading  using  coherent  laser  is  3x10  bits.  This 
maximum  value  is  achieved  for  holographic  plates  and  rasters 
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of  collimation  lenses  with  dimensions  of  30  mm,  holo¬ 
gram  diameter  equal  to  1  mm  and  the  distance  of  holo¬ 
graphic  plates  from  the  raster  equal  to  mm.  The  distance 
between  the  centers  of  photodetectors  and  between  the 
information  points  is  here  200  pm  [12]. 

5.  ENERGY  RELATIONS. 


A  radiation  photodetector  can  be  a  matrix  of  silica 
diodes  with  sensitivity  within  the  range  of  10-12  -  10_1^J. 
If  the  minimum  energy  required  for  registering  a  signal  from 
the  photodetector  is  denoted  W^,  the  diffraction  effective¬ 
ness  of  the  hologram  -  n,  the  losses  on  optical  elements  - 
a,  and  the  number  of  elements  of  the  image  -  N,  then  the 
minimum  energy  required  for  the  laser  equals: 


M'.,. 


W*N 

na 


A  laser  with  the  width  of  p-n  coupling  equal  dx  delivers  dur¬ 
ing  the  time  of  exposure  t  the  energy  equal 


H',-.  -  kJ,l 


klFo 

}/N 


where  k  -  power  of  semiconductor  laser  corresponding  to  a 
unit  of  the  width  of  the  coupling. 


Fig.  9.  shows  the  graphs  of  the  dependence  of  minimum 
radiation  energy  of  the  laser  on  the  number  N  of  photodiodes 
in  the  matrix.  Broken  lines  a  and  b  determine  the  level  of 
energy  required  for  foolproof  registration  of  the  image  by  a 
matrix  containing  N  photodiodes.  Curves  1-3  illustrate  the 
dependence  of  the  laser  energy  radiated  in  100  ns,  200  ns, 
and  lus,  respectively,  on  the  number  N  of  bits  in  the  image 
regenerated.  The  use  of  semiconductor  lasers  with  energy 
parameters  lying  above  the  curve  a  or  b  assures  foolproof 
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Fig.  9.  Energy  dependencies  in  a  system  consisting  of  a 
coupled  laser,  hologram  and  a  matrix  of  photodetectors. 

registration  of  the  regenerated  image  using  photodiodes. 

Modern  band  long-life  lasers  with  an  active  area  of 

width  10-2 Oum  have  an  average  power  of  the  order  of  lOmlrf. 

For  a  pulse  of  length  10  ns  ,  diffraction  effectiveness  of 

the  hologram  20%  and  energy  corresponding  to  one  photodeteo- 

-1^ 

tor  equal  to  2x10  J  J,  the  required  pulse  power  is 

lOOmW.  .  Therefore,  for  an  average  power  of  ~  10  mW  and  an 

4 

amount  of  information  of  10  cits  the  average  reading  frequency 
is  about  1  MHz. 

6.  BASIC  DIAGRAMS  OF  HOLOGRAPHIC  MEMORY  SYSTEMS  WITH  COUPLED 
LASERS 

The  application  of  coupled  lasers  to  holographic  mem¬ 
ory  can  significantly  reduce  its  dimensions  and  energy  usage 
and  simplify  the  optical  systems.  One  of  the  possible  con¬ 
structions  of  holographic  memory  of  ROM  type  is  represented 
in  Fig.  10.  The  memory  consists  of  a  matrix  of  coupled  lasers 
with  a  raster  of  collimation  microlenses,  a  matrix  of  holo¬ 
grams,  and  a  matrix  of  photodetectors.  Each  hologram  con- 

4 

tains  an  information  block  with  10  bits  capacity.  The  choice 

14 
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Fig.  10.  Idealized  diagram  of  holographic  memory  containing 
a  matrix  of  coupled  lasers.  1  -  laser  matrix,  2  -  hologram 
matrix,  3  -  photodetector  matrix. 

of  any  aribtrary  information  card  is  realized  by  turning  on 
the  appropriate  laser  in  the  matrix.  The  actual  image  regen¬ 
erated  from  any  hologram  is  projected  onto  the  photodetector 
matrix  which  transforms  light  signals  into  electrical  Dulses. 

4 

If  the  hologram  has  a  capacity  of  10  bits,  then  the  memory 

7  1 

with  a  capacity  of  10  bits  must  contain  10 J  coupled  lasers. 

A  significant  reduction  of  the  number  of  lasers  while 
maintaining  unchanged  memory  capacity  can  be  achieved  by  using 
strips  of  coupled  lasers  and  a  single-dimension  deflector  of 
radiation. 

An  experimental  system  of  holographic  memory  has  been 
constructed  in  which  a  parallel  radiation  beam  of  a  coupled 
laser  is  deflected  by  an  acoustic-optical  deflector  contain¬ 
ing  an  ultrasound  cell  of  lead  molybdate.  A  diagram  of  such 
a  memory  is  shown  in  Fig.  11.  The  choice  of  level  destina¬ 
tion  Is  achieved  by  turning  on  the  appropriate  laser  in  the 
band,  and  vertically  -  by  deflection  of  the  beam  by  appro¬ 
priate  angle.  If  there  are  64  lasers  in  the  band  and  the 
deflector  makes  it  possible  to  deflect  the  beam  in  64  posi- 
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tions,  then  the  total  memory  capacity  at  hologram  capacity 
equal  to  10^  bits  is  4x10^  bits. 


J 


Fig.  11.  Idealized  diagram  of  holographic  memory  with  a  band 
of  coupled  lasers.  1  -  laser  band,  2  -  single-dimension  def¬ 
lector,  3  -  hologram  matrix,  4  -  photodetector  matrix. 


i  i 


Fig.  12.  Idealized  diagram  of  enlarged  holographic  memory 
with  a  band  of  coupled  lasers.  1  -  laser  band,  2  -  deflector, 
3  -  tape  with  holograms,  4  -  photodetector  matrix. 


The  capacity  of  holographic  memory  with  free  choice  is 

0 

limited  to  10  bits,  which  is  related  to  the  fact  that  the 
diameters  of  accessible  optical  systems  usually  do  not  exceed 
30-50  cm.  However,  it  can  be  considerably  increased  by  using 
the  method  of  hologram  matrix  exchange.  Fig.  12  shows  a  dia¬ 
gram  of  such  a  system  of  memory  with  increased  hologram  set. 
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a  coupled  laser. 


A  page  of  print  recreated  from  a  hologram  using 


0"M0MM 


taaoo  Hagmat* 

1mW/Moq*om 


Fig.  1^.  Idealized  diagram  of  a  disc  with  visual  holograms. 
1  -  D»300mm,  60  000  holograms,  lmW/hologram,  2-30  min  of 
color  film,  3  -  image,  4  -  color,  5  -  sound. 
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A  change  in  the  information  complex  is  realized  by  mech-  /76l 

anical  displacement  of  holograms.  The  choice  of  destination 

is  carried  out  as  previously  by  turning  on  appropriate  laser. 

For  a  band  containing  30  lasers  operating  in  concert  with  a 

band  of  width  36  mm  with  30  holograms  of  diameter  1  mm  and 
2( 

capacity  10  bits  each,  the  total  memory  capacity  will  be 
*10  2 
3x10  bits  at  band  length  of  10  m.  If  the  holograms  have 

small  surface,  then  semiconductor  lasers  may  be  used  to  re¬ 
create  images  with  analog  information.  Fig.  13  shows  an  image 
of  a  page  of  print  recreated  from  a  hologram  of  diameter  1  mm. 

The  quality  of  this  image  is  not  worse  than  an  image  recreated 
using  gas  laser.  Thus,  coupled  lasers  can  be  used  in  image 
recording. 

Fig.  I1*  shows  a  diagram  of  a  disc  with  holograms  contain¬ 
ing  visual  information.  The  holographic  recording  system  for 
images  is  distinguished  by  several  advantages  compared  to 
binary  recording.  They  include  a  considerably  simpler  system 
of  path  selection,  a  greater  tolerance  for  accuracy  of  the 
mechanical  system  and,  as  a  result,  lower  cost  of  the  receiver. 

The  hologram  contains  the  information  related  to  object  Ill¬ 
umination  and  Its  color,  while  another  single-dimension  holo¬ 
gram  contains  the  sound  track.  A  thirty-minute  color  and  sound 
film  can  be  recorded  on  a  disc  with  diameter  of  30  0IT1  [  1  h  ] . 

It  Is  obvious  that  the  best  radiation  source  for  this  system 
Is  a  coupled  laser. 

The  present  brief  review  contains  a  discussion  of  the 
application  of  coupled  lasers  to  holographic  memory  only. 

The  application  of  coupled  lasers  Is  much  more  extensive. 

They  are  used  in  optical  communication  systems,  better  logic 
elements  can  be  constructed  based  on  coupled  lasers.  Efforts 
are  directed  toward  a  design  of  integrated  opto-electronlc 
system  on  GaAs  base.  It  seems  that  as  technology  advances, 
as  the  operational  life  of  coupled  lasers  is  Increased,  as 
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laser  activity  is  obtained  at  new  wavelengths,  especially 
in  the  visible  range,  the  coupled  lasers  will  find  ever  wider 
application  in  opto-electronics .  It  also  seems  that  most  of 
the  optical  information  processing  systems  will  be  construc¬ 
ted  using  these  lasers. 
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HOLOGRAPHIC  MEMORY  DEVICES  WITH  INJECTION  LASBR|  , 

Summary 

The  article  review*  problem*  connected  with  application*  of  injection  laaan  in  constructions  of  the 
optoelectronic  ROM  memory.  Principal  optical  requirement*  for  laaan  aad  holognma  mad  in  *eh  dericee 
an  analyied.  The  analyiia  is  uipportcd  by  appropriate  cakuUlioea  aad  experimental  result*. 
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